Abstract Albuminuria is an early marker of vascular damage, and its development in diabetic nephropathy is associated with genotype of inflammatory CC chemokine ligand 5 (CCL5). This study investigated whether the association of CCL5 and albuminuria is a general phenomenon. We characterized a Japanese population consisting of 2,749 non-diabetic individuals over 40 years in Takahata, Japan. The urine albumin-creatinine ratio (UACR) was obtained from morning spot urine. We genotyped SNPs within the CCL5 gene that displayed frequent minor allele frequencies in Japanese (i.e., rs2107538, rs2280789, rs3817655 and rs9909416). Assessment of possible association and linkage disequilibrium (LD) revealed that all four SNP genotypes are correlated significantly with UACR (P = 0.004-0.005), and these four SNPs variations showed an obvious consistency of genotypes by detecting almost complete linkage disequilibrium (D 0 = 1 and r 2 [ 0.95). We found two exclusive haplotypes in the CCL5 gene (haplotype1: rs2107538G/ rs2280789T/rs3817655T/rs9909416G, frequency 0.64 and haplotype2: rs2107538A/rs2280789C/rs3817655A/rs99094 16A, frequency 0.35) among the population. A significant association with elevated UACR was identified with haplotype1 (P = 0.002). Homozygotes for haplotype1 displayed strikingly-elevated UACR (48.5 ± 6.6 mg/g, n = 1,116) compared to the rest (28.6 ± 1.6 mg/g, n = 1,530) (P = 0.001). In conclusion, these results suggested that genetic variation of CCL5 might be an important risk factor for albuminuria in the non-diabetic Japanese general population.
Introduction
Albuminuria is an early marker of vascular damage and is widely accepted as a risk factor for progressive renal deterioration, cardiovascular morbidity and all-cause mortality (Hillege et al. 2001; Yuyun et al. 1997) . Many studies have revealed that several environmental factors including diabetes, hypertension, obesity, smoking and metabolic syndrome are involved in its development (Yuyun et al. 1997) .
Concerning the molecular mechanism of the development of albuminuria, there are clinical and experimental studies showing that the inflammation might be a key in renal vascular damages. Among the inflammatory cascade, TNF-alpha, interleukin-1beta and their down-stream molecule, CC chemokines such as CC chemokine ligand 5 (CCL5) are playing a pivotal role in glomerular injury through the induction of inflammatory cell infiltration (Schlondorff et al. 1997) .
Although the environmental factors are important for the induction of vascular injury, the significance of genetic factors is also suggested by the fact that familial clustering of nephropathy was observed both in insulin-dependent and non-insulin dependent diabetes mellitus (Krolewski 1999) . The search for genetic factors in the development of diabetic nephropathy was performed on several molecules such as human atrial natriuretic peptide (hANP) and angiotensin converting enzyme (ACE) (Nannipieri et al. 2001; Hadjadj et al. 2007 ). Nakajima et al. reported that the genotype of the promoter region of CCL5, inflammatory chemokine, is associated with the development of albuminuria in diabetic nephropathy (Nakajima et al. 2003) . However, these findings were mostly obtained in diabetic nephropathy. It is largely unknown what kind of genetic properties participate in the development of albuminuria in the general population.
The relationship between SNPs and diseases depends on the ethnicity. Among the genetic properties related with diabetic nephropathy mentioned above, the relation to CCL5 was reported in the Japanese population. In addition, we have previously reported the involvement of macrophage in renal injury induced by subtotal nephrectomy (Konta et al. 1997) . This suggests that the factors recruiting inflammatory cells, such as chemokines, might be involved in the progression of non-diabetic renal injury. Taken together, we focused on the genetic variation of CCL5 and examined whether the association of CCL5 and albuminuria noted in diabetic nephropathy is a general phenomenon in this study.
Methods

Study population
This study is part of the ongoing molecular epidemiological study utilizing the regional characteristics of 21st Century Centers of Excellence (COE) Program in Japan as previously described in detail (Konta et al. 2006) . The aim of the present study is to determine the association between genetic variants and albuminuria in the general population in Japan. This study is a design-incorporated baseline survey that consisted of a self-administered questionnaire on lifestyle, blood pressure measurement, anthropometrical measurement, and collections of blood and urine specimens from participants at annual health checkup. Genomic DNA was extracted from peripheral blood samples as previously described (Yoshida et al. 2002) .
The survey population in this study is the general population over 40 years old in Takahata, Japan. In 2004 and 2005, a total of 3,115 subjects (mean age 63; men 1,380; women 1,735) took part in the program and agreed to join the study. This study was approved by the institutional ethical committee. All participants gave written informed consent.
Among 3,115 subjects, 131 and 235 subjects were excluded from the present analysis due to their incomplete data and having diabetes mellitus, respectively. Thus, 2,749 subjects were entered into final analyses (mean age 63; men 1,234; women 1,515).
Measurement
Clinical information concerning medical history, current medication, smoking habits and alcohol intake was obtained from a self-reported questionnaire. Blood pressures were determined by using a mercury manometer in subjects who had rested in a sitting position for at least 5 min before the measurement. Hypertension was defined as systolic blood pressure C140 mmHg and/or diastolic blood pressure C90 mmHg, and/or the use of anti-hypertensive medication. Body mass index was calculated from weight and height measures as weight (kg) divided by the square of height (m 2 ). Obesity was specified as body mass index C25.0 kg/m 2 both in men and women. Diabetes was ascertained either by self-reported physical diagnosis or by a measure fasting blood sugar C126 mg/dl or HbA1c value C6.5%. The subjects with impaired glucose tolerance were included in this analysis. Hypercholesterolemia was ascertained by a measure serum total cholesterol C220 mg/dl, and/or the use of anti-hyperlipidemic medication. Urine albumin-creatinine ratio (UACR) was calculated from a single spot urine specimen collected in the morning. Urine albumin concentration was determined by an immunoturbidimetry. Albuminuria was defined as UACR C20 mg/g in men and C30 mg/g in women, respectively. Microalbuminuria was defined as UACR 20-200 mg/g in men and 30-300 mg/g in women, and macroalbuminuria was defined as UACR [200 mg/g in men and [300 mg/g in women, respectively (Levey et al. 2005) . Serum creatinine (SCr) was measured by enzymatic method, and glomerular filtration rate (GFR) was estimated using the modified MDRD equation with Japanese coefficient 0.881 (Imai et al. 2007 ).
SNP selection and genotyping
We utilized Haploview software version 3.32 (Barrett et al. 2005) and dbSNP database of the NCBI (http://www. ncbi.nlm.nih.gov/SNP/) and International HapMap Project (http://www.hapmap.org/index.html) to extract all SNPs of the CCL5 gene with a minor allele frequency greater than 0.25 in the Japanese general population. Four SNPs (rs2107538 in promoter, rs2280789 in intron 1, rs3817655 in intron 2 and rs9909416 in 3 0 near gene) were selected and have been genotyped. All SNPs gave accurate typing (call rate [99%) and were used in this study.
Genotypes for these four SNPs were determined by Invader assay (Third Wave Technologies, Madison, WI) (Lyamichev et al. 1999; Mein et al. 2000) and TaqMan allelic discrimination assay (Livak 1999) . Reagents were purchased from Applied Biosystems (Foster City, CA). TaqMan probes were designed and synthesized by Applied Biosystems and distinguished the SNPs at the end of a polymerase chain reaction. One allelic probe was labeled with fluorescent FAM dye and the other with the fluorescent VIC dye. Polymerase chain reaction was performed by TaqMan Universal Master Mix without UNG (Applied Biosystems) with polymerase chain reaction primers at a concentration of 900 nM and TaqMan MGB probes at a concentration of 200 nM. Reactions were performed in 384-well formats in a total reaction volume of 3 ll using 3.0 ng of genomic DNA. The plates were then placed in a GeneAmp PCR System 9700 (Applied Biosystems) and heated at 95°C for 10 min, followed by 40 cycles at 92°C for 15 s and 60°C for 1 min, with a final soak at 25°C. The plates were read by the Prism 7900HT instrument (Applied Biosystems) where the fluorescence intensity in each well of the plate was read (Livak 1999) . Fluorescence data files from each plate were analyzed by the SDS 2.0 allele calling software (Applied Biosystems). Several data (signal intensity) were eliminated to preserve the reliability of the assay system (missing data are guaranteed to be less than 1%).
Statistical analyses
We used Student's t-test to evaluate differences in means and chi-square tests to evaluate differences in proportions. Some of the clinical and biochemical traits in each genotypic group did not distribute normally; we applied a nonparametric Mann-Whitney test or an analysis of variance (ANOVA) with linear regression analysis as a post hoc test (P \ 0.05) to compare those traits among groups divided by a SNP. To confirm Hardy-Weinberg equilibrium among genotypes, chi-square tests were used (P C 0.05). Linkage disequilibrium (LD) for the combination of variations was tested by D 0 and r 2 by using Haploview. Haplotypes were inferred and haplotype frequencies were estimated using the modified expectationmaximization (EM) method of haplotype inference included in haplo.stats program (Schaid et al. 2002) . Data are expressed as mean ± SD except as otherwise indicated. A significant difference was defined as P \ 0.05. All statistical analyses were performed using SPSS version 15.0.1 J (SPSS, Inc., Chicago, IL).
Results
Characteristics of subjects
Baseline characteristics of 2,749 subjects that entered into a final analysis were shown in Table 1 . Overall, mean age was 63 years old. Among them, there were 1,234 men (44.9%), 1,476 subjects (53.7%) with hypertension, 792 subjects (28.8%) with obesity, 924 subjects (33.6%) with hypercholesterolemia, and 577 subjects (21.0%) with albuminuria. Polymorphisms in CCL5 genes examined in this study CCL5 gene is located on chromosome 17q11.2-q12. We have selected four SNPs regarding CCL5 genes that displayed frequent minor allele frequencies in Japanese from the dbSNP database of the NCBI and International HapMap Project as described in the Methods section. The chromosomal locations of these four SNPs are shown in Fig. 1 , and their characters are summarized in Table 2 .
Association of single point SNPs of CCL5 with UACR To investigate whether CCL5 gene SNPs are involved in urinary albumin excretion, we performed quantitative trait locus (QTL) analyses of population having the SNPs and UACR by ANOVA (Fig. 2) . The result of ANOVA showed that all four SNPs were significantly associated with UACR levels. The UACR levels of population having CCL5 SNP rs2107538 G/G, G/A and A/A were 48.1 ± 6.5, 29.4 ± 2.1, and 26.2 ± 3.8 (mean ± SE), respectively (P = 0.004). Similarly, the UACR levels of population having CCL5 SNP rs2280789 (T/T, T/C and C/C), rs3817655 (T/T, T/A and A/A), and rs2280789 (T/T, T/C and C/C) showed almost identical results (Table 3) .
Linkage disequilibrium of the CCL5 gene
To examine linkage disequilibrium (LD) of the CCL5 gene, we performed LD analysis using four SNP typing data. We observed an obvious consistency of genotypes between four of the SNPs, rs2107538 G/A, rs2280789 T/C, rs3817655 T/A and rs9909416 G/A, by detecting almost complete linkage disequilibrium (D 0 = 1 and r 2 [ 0.95) (Fig. 3, a, b, 4) .
Haplotype structure and its frequencies of CCL5 Based on the finding that these two SNPs were located in a tight LD block, we examined the characteristics of CCL5 haplotypes. Estimated haplotypes and their frequencies of CCL5 are shown in Table 4 . Two exclusive haplotypes showed the frequencies[0.5% in each other and accounted for most (99.3%) of the haplotypes associated with CCL5.
Haplotype-based association of the CCL5 with UACR The single points of SNPs (rs2107538 G, rs2280789 T, rs3817655 T and rs9909416 G) were associated with higher UACR. To examine whether the haplotype block including these SNPs is associated with UACR levels, we performed haplotype-based association analyses. A significant association with elevated UACR was identified with haplotype 1, rs2107538 G/rs2280789 T/rs3817655 T/ rs9909416 G, (P = 0.002). Homozygotes for haplotype 1 displayed strikingly elevated UACR (48.5 ± 6.6 mg/g, n = 1,116) compared to the rest (28.6 ± 1.6 mg/g, n = 1,530; mean ± SE; P = 0.001). We performed age-, gender-, and complication-stratified analysis. It revealed that the difference in UACR levels between diplotypes was significant in elderly (C60 years old), hypertensive subjects, but not young or normotensive subjects (Table 5) .
Further, we examined the prevalence of albuminuria in each diplotype. The prevalence of microalbuminuria [300 mg/g in women) was not significantly different between homozygotes for haplotype 1 (18.6 and 2.6%) and the remaining diplotypes (20.0 and 1.8%; Table 5 ).
Discussion
In this study the association between CCL5 genotype and albuminuria noted in diabetic patients was confirmed in the non-diabetic general population. This result suggests that genetic variation of CCL5 might be a common factor for the development of albuminuria.
Familial clustering of diabetic nephropathy has been reported in many studies, and genetic background for diabetic nephropathy is a current interest. Recent research on the susceptibility genes of diabetic nephropathy has revealed that the development of albuminuria was related with the genotypes of several genes including hANP (Nannipieri et al. 2001) , ACE (Hadjadj et al. 2007 ), the solute carrier family 12 (SLC12A3) (Nishiyama et al. 2005) , the engulfment and cell motility 1 (ELMO1) (Shimazaki 2005), lipoprotein lipase (Mattu et al. 2002) , and CCL5/RANTES (Nakajima et al. 2003) . However, whether these relationships are also observed in non-diabetic general population has been unknown. In this study, we have revealed for the first time that genetic variants of CCL5 Fig. 2 Association of single point SNPs of CCL5 with UACR. UACR was expressed as mean ± SE. P value shows the comparison among three single point SNPs by ANOVA with linear regression analysis as a post hoc test. NS not significant Table 3 The association analysis of each SNP examined in the study with the UACR using parametric measure might play a role in the initial step of non-diabetic glomerular damage. This finding seems to be clinically important because it suggests that there is a large number of genetically high-risk subjects for vascular events among the general population. It is quite interesting that immunomodulating and inflammatory chemokine CCL5 has a relation to albuminuria in the non-diabetic population as well as the diabetic population. The involvement of CCL5 has been reported in renal development, renal transplant rejection, and HIV-associated nephropathy (Schlondorff et al. 1997) . Our result suggests that CCL5 might be a common genetic factor in the induction of glomerular damage and participates in the various types of renal diseases, possibly by modulating immune response and/or inflammation.
UACR UACR
However, the role of CCL5 in the development of albuminuria is little understood. Expression of CCL5 is observed on the endothelial surface and extracellular matrix. It recruits macrophage and T cells through binding CCR5 receptor of leukocytes and facilitates migration of these leukocytes to inflammatory lesions (Segerer et al. 2007 ). It seems to be possible that the genetic variation of the CCL5 gene might induce the change of its pathophysiological function of CCL5 and further affects the course in inflamed tissue. In diabetic nephropathy, genotypes of CCR5, a counterpart receptor of CCL5, also had a relation to albuminuria (Mokubo et al. 2006) . This suggests that the glomerular vascular injury through CCL5-CCR5 interaction might be regulated by their genetic variations.
In this nondiabetic general population, the prevalence of albuminuria (UACR C30 mg/g; 18.1%), UACR levels (34.9 ± 2.7 mg/g, mean ± SE), serum creatinine (0.68 ± 0.01 mg/dl, mean ± SE) were lower than those in Haplotype-based association of the CCL5 with UACR. UACR was expressed as mean ± SE. P value shows the comparison among three single point SNPs by ANOVA with linear regression analysis as a post hoc test. Hap-1; haplotype 1, rs2107538G/rs2280789T/rs381 7655T/rs9909416G, Hap-2; haplotype 1, rs2107538A/ rs2280789C/ rs3817655A/rs9909416A. NS not significant Global score statistics Global statistics 9.45 df = 2 Global P-value = 0.009
Haplotypes whose frequency exceeds 5% are listed the diabetic population reported by Nakajima et al. (albuminuria 42 .3%, UACR 268.0 ± 36.8 mg/g, serum creatinine 0.78 ± 0.01 mg/dl). The prevalence of hypertension in this study was higher (54%) than that in the diabetic population (41%). This indicates that CCL5 genotype might have an effect on urinary albumin excretion even in the population with low-grade renal damage. However, it has been shown that a slight elevation of UACR significantly increases the risk for renal and cardiovascular complications, and lowering the cutpoint of abnormal UACR levels is recommended (Ruggenenti et al. 2006 ). Thus, a slight but significant increase of UACR should not be underestimated. The difference in UACR levels between diplotypes was significant in elderly and hypertensive subjects, but not in young or normotensive subjects. Furthermore, the prevalence of micro-and macroalbuminuria were not significantly different between homozygotes for haplotype 1 and remaining diplotypes. The CCL5 genotype affects the levels of UACR, but not the prevalence of albuminuria, and its effect was apparent in the subjects with risk factors. These findings suggest that CCL5 might play a role as not an initiator, but as an aggravating factor in the development of albuminuria.
Although our results suggest the possible link between CCL5 genotypes and albuminuria in the non-diabetic population, this is based on the cross-sectional observation.
To confirm the causality between CCL5 gene and albuminuria, a longitudinal study is necessary. Further, to assess the clinical impact of this result, the incidence of renal and cardiovascular events should be followed. These points are future interests.
There are several limitations to this study. First, we have not confirmed whether the examined haplotype modulate the function of CCL5 in vivo. However, it has been revealed that the promoter SNPs is related with CCL5 expression (Nakajima et al 2003) . Therefore, there is a possibility that the haplotype examined in this study is involved in the regulation of CCL5 expression. Second, we have examined UACR once. Thus, a transient increase of UACR might distort the relationship between UACR and CCL5 genotypes.
In conclusion, our results revealed that genetic variation of CCL5 might be an important risk factor for albuminuria in the non-diabetic Japanese general population. This might become a clue to explore the common mechanism in the development of albuminuria independent of the types of initial insults. 
